A method has been developed for the preparation of US2 using UCl4, as a first step in the preparation of uranium monosulfide. The reaction of UCl4, Al and H2S has been proved to be quite practical.
INTRODUCTION
Thermodynamic and kinetic considerations prove that it is not possible to prepare uranium monosulfide directly from elements at relatively low temperatures.
Since at such temperatures US2 is the most stable compound in the U-S system, US2 and uranium metal must be homogenized in vacuum at high temperatures (about 1,800dc) in order to prepare uranium monosulfide.
In this experiment, pure US2 was prepared as a first step for the preparation of uranium monosulfide.
Several methods of preparing US2 have been reported. The reaction of uranium metal with hydrogen sulfide is useful for preparing pure US2 in laboratory scale (1) . The reaction of uranium oxide with hydrogen sulfide has the disadvantage of requiring a high reaction temperature (2) .
In the field of non-aqueous nuclear fuel reprocessing, UCl4 is the subject of much interest as a starting material for nuclear fuel preparation. Among several possible reactions utilizing UCl4, that using UCl4, Al and H2S would appear to be the most practical. In this experiment, the reaction utilized was: 3UCl4+4Al+6H2S->3US2+4AlCl3+6H2 (1) AlCl3 is easily removed, since it has a vapor pressure as high as 723.6 mmHg at 448.0dK.
II . EXPERIMENTAL

Materials
High purity Al powder prepared by stamp-ing method was obtained commercially. The UCl4 was supplied by Dr. T. Kuroda of the Tokyo Institute of Technology. Before use, the UCl4 was purified at approximately 650dc by vacuum distillation.
The purified UCl4 and Al powder were stored in vials filled with pure Ar (99.9%).
The H2S was purchased in cylinder, and dried by passage through a column of P2O5.
Procedure
The experiments were carried out by simply heating the mixed powder in H2S at atmospheric pressure.
Approximately 1g of UCl4 and 94.7 mg of Al were mixed in a glove box filled with Ar. This mixture had a stoichiometric composition as calculated by Eq.(1). The mixture was weighed precisely and then loaded in a graphite pot 15 mmx15 mmx20 mmx1 mm thick, filled to a depth of about 14 mm. The apparatus used comprises a vacuum line, a quartz reaction tube and a P2O5 column. After evacuating the system, it was filled with the purified H2S at atmospheric pressure.
The reaction temperature was adjusted to a predetermined level in the range between 350d and 550dc. The duration of the reaction was precisely controlled by the following procedure:
The graphite pot containing the mixture was lowered into the tube at the end of a Ni chain after the preset temperature of H2S had been attained . Upon elapse of the predetermined period , the loaded pot was * Department of Nuclear Engineering , University of Tokyo, Bunkyo-ku, Tokyo.
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Analysis
Chemical analysis was carried out as follows: Acetone was added to a portion of the product to extract the unreacted UCl4. The solution was then gently heated to completely purge off the acetone. The uranium content was then determined by Ce+4 titration. The unextracted residue was dissolved in 1:1 HNO3, converted to sulfate solution by adding dilute H2SO4 and the uranium content was then determined by the same method as just described. The sulfur content was determined by combustion method as follows: A portion of the reaction product was heated up to 800dc in pure oxygen stream to convert sulfur into SO2, which was absorbed in 1% H2O2 solution, and the sulfate was then determined by NaOH titration.
III. RESULTS AND DISCUSSION
The experimental results are presented in Figs. 1~6. Most of the runs were carried out with a mixture that was stoichiometric according to Eq.(1).
Effects of Time and Temperature the Reaction
As seen in Fig. 1 , b-US2 and UOS were formed at temperatures above 600dc. The principal source of oxygen was traced to impurities in UCl4. When the mixture and H2S was gradually heated from room temperature to 800dc(5dc/min), the product contained only b -US2, indicating that UOS was not produced at temperatures above 600dc, once US2 had been formed.
The reaction apparently did not take place at temperatures below 300dc. Most of the experiments were carried out between 350d and 550dc, because almost pure US2 was formed in this temperature range. The X-ray diffraction patterns of the products shown in Fig.1 reveal that g-US2 and b-US2 coexist in the products obtained at temperatures between 350d and 550dc, despite published reports that US2 undergoes g-b transition at 425dc.
The plots of loss of weight against time The curves in Fig. 3 With Al content below 40% of stoichiometric, US2 and UOS were formed at 400dc, as seen in Fig. 4 , which also reveals that with 50% Al, almost pure US2 was obtained at 400dc, whereas at 550dc US2 and UOS were both produced. Several runs were performed at 400dc with 50% Al. In Fig. 5 , the amounts of reacted uranium are plotted against reaction time. 
For comparison, the amounts of reacted uranium with stoichiometric composition as regards
Al are also plotted. The curves in Fig. 5 show that the rate of the reaction with 50% Al is lower than that of the reaction with stoichiometric
Al. This means that direct reaction of UCl4 with H2S can take place, but that its rate is lower than that of the reaction in the presence of Al.
By assuming that the reaction-rate-temperature relation follows the curves shown in Fig. 6 , the production of UOS as well as US2 at 400dc without Al, and the production of pure US2 at 400dc with Al can be explained.
In the presence of Al, the reaction follows the form, 3UCl4+4Al+6H2S->3US2+4AlCl3+6H2, whereas in the absence of Al, the reaction follows the form, UCl4+2H2S->US2+4HCl.
In the case at above 600dc, the production of 
Results of Analysis of the Reaction
Products Some deposition was observed in the cold parts of the reaction tube. X-ray examination proved that the sample taken from the deposit was AlCl3,6H2O. Since AlCl3 is deliquescent, it is compatible with the water introduced during handling. The presence of AlCl3 in the reaction product proves that the reaction proceeded according to Eq.(1).
The uranium and sulfur contents of the product prepared by gradually heating the mixture in H2S from room temperature to 800dc, were chemically determined. The product proved to be US1.91, though X-ray examination showed the pattern of b-US2.
IV . CONCLUSION
(1) Almost pure US2 was obtained by the reaction 3UCl4+4Al+6H2S->3US2+4AlCl3+6H2.
(2) Contamination by oxygen was eliminated when the reaction was carried out between 350d and 550dc, using UCl4 purified by distillation at 650dc. (3) The reaction rate was very rapid above 400dc, when the conversion efficiency of uranium reached almost 100%. The amount of UCl4 lost by evaporation during the reaction period was negligible. (4) A product consisting purely of b-US2 was obtained when the mixture was heated in H2S gradually from room temperature to 800dc. This means that UOS was not formed above 600dc, once US2 had been formed. (5) US2 was also obtained by the reaction UCl4+2H2S->US2+4HCl In this case however, the impurity UOS could not be eliminated at any temperature. The reaction rate was lower than that of the reaction with Al.
